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Spiecifications 

Name of Invention 

Cleaning Device for Semiconductor Substrate 

Claims 

A cleaning device for a semiconductor substrate is characterized by the fact that it is equipped with the 
following: a steam generator which is used to generate steam comprised of ammonia (NH4OH), hydrochloric 
acid (HC^), or nitric acid (HNO3); and a gas introduction device which is used to introduce ozone (O3) gas into 
the steam that is generated by the aforementioned steam generator. 



Detailed Description of the Invention 
<Industrial Field of Application> 

This invention pertains to a cleaning device for semiconductor substrates. 
<PriorArt> 

Previous examples of this type of cleaning device are mainly those referred to as dip-type devices in 
which the semiconductor substrates are dipped into a cleaning liquid in order to be treated/ Other examples 
include spray-type devices in which cleaning liquid is sprayed in the form of a mist onto a rotating 
semiconductor substrate, as well as spin-type devices in which the cleaning liqtiid is applied to the 
semiconductor substrate through a spinning action. 
<Problem to be Solved by the Invention> 

In the case of the dip-type devices noted above, the semiconductor substrates are directly inmiersed 
within the cleaning liquid during treatment, and for this reason, if any minute impurities exist within the 
cleaning liquid, their particles will adhere to the surface of the semiconductor substrates. Therefore, a 
circulating filter device is indispensable for the sake of removing minute particles from within the treatment 
tank during the cleaning operation. However, this type of circulating filter device cannot completely prevent 
minute particles from adhering to the semiconductor substrates, and these particles will accuniulate within the 
cleaning liquid as treatments are conducted over time. Furthermore, in cases where the cleaning liquid becomes 
contaminated for any reason, any semiconductor substrates that are treated in this liquid will also be completely 
contaminated. 

On the other hand, in the cases of the spray-type and spin-type cleaning devices, since the cleaning 
liquid is used up for each batch, the benefit is that there will be few cases in which minute particles will re- 
adhere themselves to the surfaces of the semiconductor substrates due to accumulation. That being said, the fact 
that the cleaning liquid still makes direct contact with the seniiconductor substrates causes the same type of 
contamination problem as in the case of the dip-type if treatments, are conducted using contaminated cleaning 
liquid. 



' Minute particles and contaminants that adhere to the surfaces of semiconductor substrates during the 
cleaning process will have an adverse effect on each of the semiconductor manufacturing processes that follow, 
namely the diffusion/oxidation process, lithography process, etc. For example, this could cause abnormal 
diffusion during the diffusion/oxidation process, non-uniformity of the oxidation film thickness, etc., which 
coulfd give rise to crystal defects; This may also lead to pattern defects during the lithography process. As a 
result, the semiconductor device properties may become deteriorated, which could cause a drop in production 
yields and lead to a reduction in quality. 

In the cases of the prior spray-type and spin-type cleaning devices, the fact that the cleaning liquid is 
completely used up results in an increase in the amount of chemicals that are used when compared to the dip- 
type devices. 

In the cases of the dip-type, spray-type and spin-type devices, hydrogen peroxide is used as an oxidizing 
agent. However, a breakdown of the hydrogen peroxide within the cleaning liquid may cause it to deteriorate, 
making it impossible to maintain a high level of cleaning strength over an extended period of time. 
Furthermore, due to the bubbles that are generated when hydrogen peroxide breaks down, the cleaning liquid is 
prevented from reaching the most detailed portions pf the semiconductor substrates. In particular, with the 
increase in the level of integration within semiconductor devices in recent years, there is a trend toward an 
increase in the aspect ratio, which means that there is an even greater demand for the ability to conduct reliable 
cleaning operations given a high aspect ratio. 

In order to preveqt the deterioration of the cleaning liquid, there is a method in which ozone gas (O3) is 
used in place of hydrogen peroxide. However, the problem with this method in the case of prior cleaning 
devices is that it easily results in a non-uniform cleaning effect due to the fact that the P3 is delivered within the 
cleaning liquid through the use of a bubbling technique. 
<Means for Solving the Problem> 

The cleaning device for semiconductor substrates that is described in this invention is equipped with a 
steam generator which is used to generate steam comprised of ammonia, hydrochloric acid, or nitric acid as well 
as a gas introduction device which is used to inU-oduce ozone gas into the steam that is generated. 



<Embodiments> 

The following are embodiments of this invention in which drawings are used for reference. 
Figure 1 is a cross-sectional model diagram of a cleaning device that represents the No. 1 embodiment 
of this invention. 

In Figure 1, an ammonia solution 2 (or a solution comprised of hydrochloric acid or nitric acid) is 
delivered into the bottom of the treatment tank 1. Heating this ammonia solution 2 using a heater 3 generates an 
ammonia steam. In this case, the steam generator 4 is comprised of the heater 3. An ozone gas introduction tube 
5 is used to introduce ozone gas into the ammonia steam that has been generated. The ozone is produced when a 
portion of the oxygen gas (O2) that is delivered to the ozone generator 6 is converted into ozone within said 
generator. This creates a mixed gas of ozone/oxygen (O3/ O2), which is introduced after it passes through the 
filter 7. In this case, the gas introduction portion 8 is comprised of the ozone generator 6, the filter 7, and the 
ozone gas introduction tube 5. 

In this fashion, the semiconductor substrate 9 is exposed and treated within the mrnnoniia steam in which 
ozone gas has been introduced. The semiconductor substrate 9 is supported through the use of a carrier 10. After 
the ammonia steam is liquefied using a cooler 11, it is returned to the treatment tank where it is reused. 

Thus, in this embodiment, the usie of ammonia as a steam makes it possible to prevent minute particles 
or contaminants from adhering to the surface of a semiconductor substrate even in the case where these- 
substances niay have existed within the original chemicals. Furthermore, it becomes possible to clean even the 
most detailed portions of the senMconductor substrate. 

According to this No. 1 Embodiment, an immersion heater is used to heat the cleaning liquid, but it is 
also acceptable to use a method in which heating is conducted from the outside of the treatment tank. It is also 
possible to use another type of heating method siich as infrared heating or lamp heating. In addition, the No. 1 
Embodiment explains a case in which ammonia is used, but it is also possible to conduct exactly the same type 
of cleaning using hydrochloric acid or nitric acid. 
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Figure 2 is a cross-sectional model diagram of a cleaning device that represents the No. 2 embodiment 
of this invention. 

According to this No. 2 Embodiment, the ammonia steam is obtained by allowing ammonia gas to make 
contact with water steam. In the cases of nitric acid, steam and hydrochloric acid steam, nitrogen dioxide and 
hydrogen chloride gas are used, respectively. The water steam that has been created through the use of the 
steam generator 21 is sent to another steam generator 22, where the water steam absorbs the ammonia gas that 
has passed through the filter 7A from the anmionia gas (NH3) delivery device 23, resulting in the generation of 
ammonia steani. This anunonia steam is then introduced into the treatment tank 1. 

At the same time, oxygen gas passes through the filter 7B from the oxygen gas delivery device 24 and is 
introduced into the treatment tank 1. At this point, ultraviolet light is irradiated from an ultraviolet light source 
25 that is installed onto the side of the to-eatment tank 1. Through the action of this ultraviolet light, the oxygen 
gas is converted into ozone. As such, the semiconductor substrate 9 undergoes treatment within an atmosphere 
in which ammonia steani is mixed with ozone. Although a carrier 10 is used to support the semiconductor 
substrate 9 in the case of this No. 2 Embodiment as well, it is also possible, of course, to conduct a single-wafer 
treatment process. 

Figure 3 shows the measurement results for this embodiment as well as a prior dip-type cleaning device 
with regard to the minute particles that adhere to the surface of a semiconductor substrate in each case. 

After a 10-minute treatment process is conducted on a number of semiconductor substrates using a prior 
device as well as this embodiment, the substrates are rinsed for 10 minutes using purified water. The substrates 
are then dried, and measurements are taken in order to determine the number of minute particles that have 
adhered to each substrate. In the case of the process that was conducted using the prior device, the number of 
particles per substrate was approximately 100 with regard to HC-^/H202/H20 and HNO3/H2O2, and with regard 
to NH4OH/ H2O2/H2O, the number was approximately 20. In comparison, the process conducted using the 
cleaning device described in this embodiment resulted in no more than a few particles per substrate in either 
case. 



Figure 4 shows the recombination lifetime results for the minority carriers in the case where this 
embpdiment is used as well as a prior dip-type cleaning device. 

After a lO-minute treatment process is conducted for semiconductor substrates in which the cleaning 
surfaces have been exposed, the substrates are rinsed for 10 minutes using purified water. The cleaned 
semiconductor substrates are then heat treated in an oxidizing atmosphere at a temperature of 950°C, after 
which the recombination lifetime results for the minority carriers are measured. Compared to the case in which 
the treatment was conducted using the cleaning device described in this embodiment, the results for the case in 
which the prior device was used shows a drop in the recombination lifetime for the minority carriers in all cases, 

The recombination lifetime for the minority carriers has a close relationship with the contamination of 
the surfaces of the semiconductor substrates, such that when there is a high level of contamination, a drop 
occurs in the recombination lifetime. Based on this, it can be said that the surfaces of the semiconductor 
substrates that were treated using the cleaning devicev described in this embodiment are cleaner than those that 
were treated using the prior cleaning device. 
<Effect of the Invention> 

As explained above, through the use of this invention in which a cleaning device for senwconductor 
substrates is equipped with a steam generator which is used to generate steam comprised of ammonia, 
hydrochloric acid, or nitric acid as well as a gas introduction device which is used to introduce ozone gas into . 
the steam that has been generated, not only is it possible to prevent minute particles from adhering to the surface 
of a semiconductor substrate, but it is also possible to prevent contamination from impurities along the surface 
of a semiconductor substrate. Moreover, by using steam in this treatment process, it becomes possible to 
conduct a uniform treatment process even along the most detailed portions of a semiconductor substrate. 
Accordingly, the effect of this invention makes it possible to produce semiconductor deviceis at higher yields 
with an improved level of quality. ' 



Simple Explanation of the Drawings 



- Figures | and 2 are cross-seetional model diagrams of cleaning devices that represent the No- 1 and No; 
2 enibodiments of this invention. Figure 3 shows the measurement results for this embodiment as well as a prior 
cleaning device with regard to the minute particles that adhere to the surface of a semiconductor substrate in 
each case. Figure 4 shows the recombination lifetime results for the minority carriers in the case where this 
embodiment is used as well as a prior cleaning device. 

1: Treatment tank 

2: Anrnioiiia solution 

3: Heater 

4: Steam generator 

5: Ozone gas introduction tube 

6: Ozone generator ^ 
7,7A,7B: Filters 



8: 


Gas introduction portion 


9: 


Semiconductor substrate 


10: 


Carrier 


11: 


Cooler 


21: 


Water steam generator 


22: 


, Steam generator 


23: 


Gas delivery device 


24: 


Oxygen gas delivery device 


25: 


Ultraviolet light source 



Agent: Hiroshi Uchihara, Patent Attorney 



Figure 1 

5: Ozone gas introduction tube 
6: Ozone generator 
11: Cooler 
10: Carrier 

9: Semiconductor substrate 
7: Filter 

8: Gas introduction portion 
1: Treatment tank 
4: Steam generator 
2: Ammonia solution 

(Or hydrochloric acid, or nitric acid) 



3: 


Heater 


Figure 2 


23: 


Gas delivery device 


24: 


Oxygen gas delivery device 


7B: 


Filter 


22: 


iSteam generator 


7A: 


Filter 


10: 


Carrier 


9: 


Semiconductor substrate 


21: 


Water steam generator 


25: 


Ultraviolet light source 


1: 


Treatment tank 



Figures 

iy-axis:] No. of Minute Particles (NumberAVafer) 
[inside graph:] 
Prior device 
Eriibodiment 



Embodiment 


HC^ Steam/03 


HNO3 Steam/03 


NH4OH Steam/C^ 


Prior Device 


HC^/HaOa/HaO 


HNO3/H2O2 


NH4OH/H2O2/H2O 



Figure 4 

[y-iaxis:] Recombination Lifetime (ji sec) 
[inside graph:] 
Embodiment 
Prior device 



Embodiment 


HC^ Steam/03 


HNO3 Steam/03 


NH46H Steam/Oi 


Prior Device 


HC^/H202/H20 


HNO3/H2O2 


NH4PH/H2O2/H2O 



-142- 



B * S (JP) 



{2: 



(A) ^1-262627 



©Int.Cl.* msm^ /frtSaS^ ©tSiUa ¥fi£l^(1989)10fll9B 

H 01 L 21/304 3 4 1 V-7376-5F 

B 08 B 3/08 Z-7817-3B 

C 01 C 1/02 6750-4G 

H 01 L 21/304 3 4 1 D-7376- 5F 

C 01 B 13/10 D-6939-4GS2II* ff^JcXgOft 1 (:^4H) 



@1$ 19 BB63-92075 



A 



it n ^ 



0363(1988)4^130 

m^iB«E25Ti33* 1 ^ 
mK»»ES5Tg33» 1 



« « 

^ Bfl o * » 

'T y ^e - r { sB4oa)i n: u «» ( hc e ) i /^c ii 
.5r ft » « ^ ♦ C fft at L Sft a «r 'Sr 3 T < 7 t 



e > 5C <o ft ?^ i6 JK I, ffl vv<;> n T v> n: . 

ft?f » fft^j!ri»a-r * . t ti\ dtifHif)^ 

$ K ft ft « % II $ n 4t ai «s s « ^ r 7<5 sft 

ft « ^ 1 A -y ^ « U: « v> ft t C L T tt « L T & 



-139- 



itt ' K^. V V ^ ^ 7 ^ ^(o^xmizHux mm 
fi^^^fl:?^, i^©o<o«T. A«<oftt^«< 



»ra¥l-2B2627(2) 

Otc:ty> <o,) ^xt:m\^t:^mi>hitf. « 
0 ^ t t 3 laj H t IS -> ^ . 

cm km) 

<X t . * « «^ fc: T a ffi> # 8« t T « ^ -r 
» 1 Htt*ii^8oai i<^iiife9i^^i^i)^^Ka 



w 1 H t£ v» T . a « 1 to is s . w i tf r 
> * - T ( z li . «i«^»ivMi«») mmif^^m 

^ o r « § n r i . « ± $ fi r 1 - r 

SI ^ >- . ;t Y y . ^ A » 5 fc: 

? n /i: tt « c 0, ): ;3r X <o - » «i :t y :^ ft ^ » 6 

xtLX . y <^9-y^ ALX^\ttlh . c 
^ - 7 u ^ tf :/ , ;5r X n A w 5 ^ « lilt $ 
c o J: -5 C L t ;t V y • /r X ifimx ^ tim T y 

n t v > * . ry^:irm si li ?fr a » i i (c ji x 



s i r *^ - c tJt c t A< r ? 5 . 

:^^^fflv.rtJt <. k illicit Ai a. 9>r2ia 

2 0u*ft ^ <o» 2 <ogitt.w 5i^rafe#^aa 

^ « H ffiBT ^> & , 

* » 2 O * tl « 4C X ii\ r>^=.TmSMi 

^tif^^ms^uM$^^±H2 2 tea *>#i^ . as 

Slft^H 2 2 tC^ V^T ; r>^- T . Xf JX ( MB,) 



-140- 



Jl^lilrttCli. M« ;5r X fit >* » It 2 4 ^ 



»nnf l-26i>G27(3) 

BC£/8>0,/a3O.HNOt/B,0a Tli 8ll9t ^ ft (1 1 It 3 
^9 10 o n « JK T ^ 0 . KR4 0ll/ll,0,/li20r u 

^ 7 ^ -f Aoaisttiif . 



n: ^ J: 0 (>• , mtfxhht^'^ih. 
la ± SI B« L J: 7 * ft *5I ^ # * » « 

eft^T-sa^SCft^tfft. ft^L/i3I^Sl4»C:;rr 

• tf X t m hi- h /f X m X m 1 1 ^ m ^ h z t. 

(O^Si i,^ ±i; I Z t ifiX ^ I . ^ h ^ . m%i: 
^m-ri Z t ^ X ^ . & i rtt) 

-r 4 c 1 3^ r ^ & . a -> T . j: 0 n . iSK^sr 
0 ffi to « m itt Bfl 

<0 H tt 01 <0 « ^ BUB 0 . 91 3 B U « Id M 15 J: 



1 ft a « . 2 - ry^^T mm . 3 t - 
f - . 4 " M s^ ^ ± i» , 5 - :t Y y ' ^ x mx 

f . 6 - :t >- « ^ » ^ 7 . 7 A . 7 B - 7 ^ ;P 

^ - . 8 /f^ 31 A . 9 - ^mi^^m. . 1 0 
^ T y r , 1 1 — id a» . 2 1 ★usi ft ^ h , 

2 2 S( 9ft & » . 2 3 •» ;Qr X ^ l» 3( 9 . 2 4 



-141- 



fiJa ¥1-262627 (4) 



5 J.-, (.^ 

■ -b— -i A'VO' 



'VI 



O 

o 





^ 7 ; 



C ^^«AAA/W^AAl»VV^A^>^A/^/V^/~ 



V^.-. 



^ 1 gl 



^3 



24 




IB 2 0 



fO 



I 



1 



Ha/H,Q,/H,6 



WW0,5JL/0i 



mas 



60 


O 


A 


rN 40 

V 






•^ 






* 20 




o 






[ ' — -I ' 


•Jtf. HI 







1^ 4. S 



-142 



